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ABSTRACT

The NBS-LASL racetrack microtron (RTM) is a joint project of the
National Bureau of Standards (NBS) and the Los Alamos Scientific
Laboratory (LASL). This is a new accelerator research project whose
goal is to determine the feasibility of building a high-energy,
high-current, cw electron acceleraior using beam recirculation and
room-temperature rf acceleration structures. The NBS-LASL RTM is
beiny designed and built to develop the required technology for a
large national | to 2 GeV cw accelerator for nuclear physics research
and to prove experimentally that high currents can be accelerated
successfully in an RTM, Some of the parameters of the NBS-LASL RTM
are 185 Mev final energy. 550 uA maximum current, 15 passes, 12 MeV
one-pass enerqy gain, and 2380 MHz frequency. One 450 kW cw klystron
will supply rf power to both the 5 MeV injector and the 12 MeV linac
in the RTM.

1. INTRODUCTION

In principle, the electromagnetic interaction is the ideal experimental too! for
studying nuc lear structure because it is weak and well understood. [n fact, the study of
electronuclear and photonuclesr ~cactions ha$s -ontributed greatly to our under<:anding of
nuc lei. Nevertheless, electron accelerators are relatively little used compaired to proton
and heavy ion machines, largely because it is difficult to perform experiments with elec-
trons or photons. These difficulties arise from the small size of electromagnetic cross
sections, che unavailability of monoenergetic photon sources, and the poor duty cycle of
most existing electron accelerators. Recent technological advances have ra‘sed the excit-
‘ng possibility that new types of electron accelerators can be built, at acceptable cost,
that will provide high-current, cont.nuous-duty (that 1is, cw) electron beams, thuys
alieviating the experimental difficulties mentioned above.

The NBS-LASL racetrack microtron {llustrated 1n Fig, | 1s part of an accelerator
reseparch project whose goal s to determine the feasibility of building a 1 to ? Gev,
1 s duty cycle electron accelerator that can qenerate at least 100 ..Al'”. It s

quite ¢ lear that the least expensive acielerator design that «an achieve these parameters
15 the racetrack microtron, or similar device, in which the beam is recirculated through
the same accelerating structure many times,

We destgned ke RTM to be as applicable as possible to the 1 to ? GeV machine, The
speait © chotce of the JH0 MHr operating rf frequency was dictated by the desire to
provide multiple, +imultaneaus, high-current beams to several users by subharmonic rf
splaitting and by the commercial availability of a high-power (450 kW) cw lystron., The
17 MeV one.pass energy gain, which requires a magnetic field of about 1 T the end
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Fig. 1. NBS-LASL Racetrack Microtron (15 passes, 12 Mev/pass, 185 MeV).

magnets, is essentially one-fourth of the optimum energy gain per pass of a high-energy
double-sided microtron and thus serves as a prototype accelerating module. The final
185 MeV beam energy is estimated to be near the injection energy required by a high-energy
double-sided microtron; thus the RTM serves as a prototype of the injector needed by the
larger machine.

We have chosen room-temperature rf accelerating structure over superconducting struc-
ture for two reasons. First, a large amount of rf power is required to provide the beam
power in a high-current accelerator; thus room-temperature accelerating structures can
have a high (rf to beam) powar conversion efficiency. Second, the current in a microtron
is expected to be limited by beam blowup caused by excitation of transverse rf modes hy
the bean. We expect the limiting current to be inversely proportional to the quality
tactor, Q, ot the responsible rt modes and inversely proportional to the number of

passus‘l‘“.

Because the (Q-values are substantially smaller in a room-temperature rf
accelerating structure than In a superconducting cne, a much higher current limit is

obturnablie with a room temperature structure,

¢ INJLCTION SYSTHM

ihe tnjection cystem must provide a cow electron beam to the microtron with the

following specifications:

N The injection energy must be - 5 Mev.
2. The injected current must be continuously adjustable fram zero to (0.6 mA.
3. A pulsed beam mode must be avallable for tuieup and diagnostics with a 40 ns

FWHM pulse length, which is shorter than the microtron's circulation time,
4. The nyrmalized transverse emittance must be « S mm-mrad,

h. The Tongitudinal emittance must be « 20w keVe degrees,



The injection ssstem will consist of a 100 kV electron gun, an rf chopper-buncher
system, a 2 MeV rf capture section, an rf preaccelerator section for an additional 3 MeV
energy gain. and a beam-transport system to carry the 5 MeV beam to the microtrcn. The
electron gun will have & modulating anode for current control. The high voltage will be
applied between the grounded final anode anc¢ the cathode, so that the control voltage
applied to the modulating anode does not affec: the beam energy. A pulser located in the
high voltage terminal will provide the pulsing capabilities specified above.

The rf chopper-buncher system consists of a pair of rf chopper cavities, a phase-
selecting aperture, magnetic focusing lenses, and an rf buncher cavity. The chopped,
bunched beam proceeds to the rf capture section where acceleration begins,

3. MICROTRON DESIGN

In an RTMS), the beam is returned to tne accelerating section by uniform field end

magnets, as shown in Fig. 1. On successive passes, the beam must pass through the accel-
erating section at the same synchonous phase, ‘r‘ ¢f the rf field. This resonance con-
dition can be expressed by the relationf’)

(2n/c).aVecos 6 = waB . (1)

where a4V s cos or is the resonance cnergy gain per pass, » is the rf free-space
wavelength (12.5963 cm), B is the end-magnet field strength, and v the harmonic number.
We have chosen to use v = 2, which makes *he ‘pacing rvetween successive return paths
d= va/n = B.019 cm (when B « ], the electror. .elecity in units of c). This spacing is
sufficient to allow installation of independent steerina and focusing elements on each
return path. [(he major disadvantaoe of v =« 2 compa,ed »0 v =« | i5 the reduced longitu-
dinal phase acceptance of the RTM. Because of this, we will ctrive to kecp the
longitudina)l emittance of the injected beam well within the design specification of

20v keV-degrees. We will use a reverse return after the first pass through the main
accelerating section. The second an: subsequent p2sses will be in the opposite direction
fram the first pass. Sufficient focusing for the first two passes will be provided on the
accelerator ax1s, whereas later passes will have focusing on the retur:. paths, Extraction
can be accomplished after any number of passes Ly & movahie kicker magnet on the return
paths. The kicker magnet deflects the beam onto a common exiraction path from any return
line.

The transport system needed to transfer the beam from the .njector Ltu the microtron
must be a very high-quality achromati: system, The system chosen coasists of two 90°
deflection achromatic subsystems in series so that the full 180" sy.tem is also achrn.
matic. The first 90" subsystem has & quadrupole singlet at the center and two dipale
magnets, each providing a 45" deflection of the beam. Tne second subsystem iy similar to
the first except that each 45" bend is accomplished by a pair of magnets, with one
providing a 15" deflectiun and the other providing a 30" deflection. This modification

{s used because the final magnet that provides a 15° oeflection fs also one of the three
injection chicane magnets.



The diagnostic information needed to adjust the transport system will be obtained
from instrumentation packayes located on the axes of the injector and microtron linacs.
These packages will contain phosphor view screens, wire scanners, and rf cavities for
measuring x and y transverse position, rf phase, and beam current. Phosphor view screens
and wire scan.ers will be placed on the return lines near each end of the microtron. The
rf position, phase, and beam-current sensors placed on the axis of the microtroan linac
will use the pulsed beam fcr obtaining position, phase, and beam-current information ror
each pass. The beam pulse is shorter than the circumference of one pass through the
microtron, thus the beam pulse produces a train of pulses in the rf sensors, each pulse
corresponding to one pass through the microtron.

4. DISK-AND-WASHER ACCELERATING STRUCTURE

The RTM contains three rf accelerating seciinns: the capture section and preaccel-
eratyr sections of the injector linac, and the main accelerating section of the microtron.
The rf accelerator structure will be the disk-and-washer (DAW) linac structure with
T-shaped washer supports that is being developed at the Los Alamos Scientific Laboratory
for both electron and proton acceierator apph’cation”. The DAW i. a standing-wave
structure that provides efficient acceleration of particles with 8 > 0.5. The field
distribution in the structure is extremely stable as a result of the large cell-to-cell
coupling and the characteristic of the »/2 operating mcde. Figure 2 shows the DAW struc-
ture with the washers supported in pairs from four T-shaped supports. The radial portion
of these supports lies along an equipotenttal of the accelerating mode, and the longitu-
dinal portion of these supports lies in a region of low electric field. Consequently,
this type of support minimizes the perturbation of the acceleratine mode. However, these
supports significantly perturb the coupling mode. Left uncompensated, these perturbations
would open a stop-band iu the mode spectrum and create a bilevel distribution in the
excitation of the accelerating cel!s. Fortunately, by experimenting with the geometry of
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Fig. 2. Disk and Washer Linac Structure.



a low-power test section, a technique has been developed to counteract these perturba-
tions. The geometry of the DAW (without washer supports) was optimized with the aid of
the computer program SUPERFISH. (This program can calculate the resonant electromagnetic
modes in an rf cavity with cylindrical symmetry.) The perturbations caused by the sup-
ports are counteracted by a cut-and-fit procedure in which the disks, on which the
T-shaped supports are mounted, are made thinner, and the radius of the outer wall of the
cavities 15 made larger.

In addition to supporting the washers, the supports provide channels for carrying
coolant to and from the washers. Tne practical limit for cooling the 2380 MHz DAW struc-
ture is ~ 25 kW/m. An effective shunt impedance of - 100 M:/m appears to be attainable
in the g = ] structure and will result in ar accelerrating gradient > 1.5 MV/m. Thus, the
main accelerator section will be ~ 8 m long to prrvide the 12 MeV energy gain required by
the design parameters. The injector linac will consist of ~ 4 m of DAW structure. The
first 2 m section is a capture section tiat will increase the beam energy from 100 keV to
2.0 Mev. In the capture section, the lengths of the rf cavities increase smoothly to
match the increasing electron velocity (from 8 = 0.55 to 8 = 0.98). The second 2 m sec-
tion is the preaccelerator section that accelerates the beam to the microtron injection
energy of ~ 5 MeV. The construction of the ? m preaccelercto: section will be undertaken
as soon as the delails of the washer supports and the compensation for the perturbations
*hey produce is finaiized. A Jow-power lest section is pre.ently being studied. The
tests of the 2 m preaccelerator section will determine the cooling capacity and melti-
pactoring properties of the DAW structure.
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